Abstract-Blind channel identification using linear redundant filterbank precoders (LRP) has been studied extensively in the literature. Most methods are proposed based on the assumption that block synchronization is perfect. In practice, a blind block synchronization algorithm must be used to justify this assumption. This paper studies the blind block synchronization problem in systems using a zero-padding (ZP) precoder. A previously reported method is reviewed and a new approach for the problem is proposed. Generalized versions of both approaches are then developed using a parameter called repetition index. Simulation results show that when the repetition index is chosen to be greater than unity, the block synchronization error rate performance of the proposed algorithm has a significant improvement over the previously reported method.'
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I. INTRODUCTION Blind channel identification using linear redundant filter bank precoders (LRP) has been studied extensively in the literature [1] [2] [3] [4] [5] [6] . Besides a constant bandwidth overhead introduced in each block, a blind channel estimation method usually requires very little extra bandwidth to perform channel estimation. Most existing blind estimation methods for LRPs assume the boundaries of blocks of the received stream are perfectly known to the receiver. In practical applications, however, this assumption is usually not true since no extra known samples are transmitted. In this paper we study the problem of blind recovery of block boundaries for the received signal. In particular, we consider the problem on a block transmission system using a zero-padding (ZP) precoder. Scaglione et al. proposed the first blind block synchronization algorithm in [1] as well as two blind channel identification/equalization algorithms. The blind equalization algorithm uses a matrix composed of elements in received blocks which is rank deficient in absence of noise. Now, the blind block synchronization algorithm exploits the fact that when the synchronization of received blocks is incorrect, the rank deficiency property of this matrix used for blind equalization is no longer valid.
More recently in the literature, Manton et The rest of the paper is organized as follows. Section II formulates the problem statement and briefly reviews a blind block synchronization algorithm proposed in [1] . In Section III we first propose a new approach for blind block synchronization and then develop the generalized versions of both algorithms using the concept of repetition index. Simulation results and discussions are presented in Section IV and conclusions are made in Section V. (1) t I A blind channel estimation algorithm aims at estimating f channel coefficients h using only observation of blocks y(n) I without knowledge of u(n). In the literature, many algorithms
[1]- [6] have been proposed based on the assumption that block boundaries of y(n) are perfectly known to the receiver.
Suppose there is an unknown timing mismatch do C
[-P/2, P/2) between the transmitter and the receiver so that instead of y(n), the signal y(n-do) is received. The problem of interest is how we can recover do without knowledge of transmitted data u(n) and the channel coefficients h so that all blind estimation methods [1] [2] [3] [4] [5] [6] can proceed to work. Without loss of generality and for convenience of presentation, we assume do = 0 throughout the paper. Figure 2 illustrates the problem statement. We find that the signal u(n We review a blind synchronization method proposed in [1] . Suppose N consecutive blocks are collected at the receiver with a timing mismatch of d samples. Given any integer d C [-P/2, P/2), define the P x N matrix as
Let Jn denote an n x n square shift matrix The matrix 2(d) defined in Eq. (3) was first proposed for blind direct channel equalization [1] . It was also exploited in the blind synchronization method of [1] . The blind synchronization algorithms we propose next will exploit properties from existing blind channel estimation algorithms in the literature [1] , [4] . Similarly, the estimated timing offset is chosen as the d that minimizes A2(d).
The new approach is conceptually simpler than the method reviewed in Section II in the way that it involves a much smaller matrix yd)N although there are L eigenvalues, rather than one, needed to be computed. As we will see from the simulation results presented in Section IV, this new approach is actually less robust to noise than the method reviewed in Section II. However, we will soon demonstrate the value of presenting this approach when we develop the generalized algorithm of it next. 
B. Generalized Versions of Blind Synchronization Algorithms
We first introduce the concept of repetition index for blind channel estimation and then develop generalized versions of blind synchronization algorithms. It can be readily verified that the noiseless channel equation (1) implies TQ (y(n)) = M±+Q-l(h)TQ (u(n)), (5) where Q is an arbitrary positive integer and the notation for the full-banded Toeplitz matrix 'TS,(.) was defined in Section I-A. Note that Eq. (1) that the size is larger by Q -1. Note that TQ (y(n)) is a (P + Q -1) x Q matrix. Focusing on a particular column of EQ (y(n)) and the corresponding column of EQ (u(n)) in Eq.
(5), the resulting equation is exactly equivalent to the channel equation for a ZP system with a larger block size. Since there are Q linearly independent columns in 'TQ (y (n)), for every single received block y(n), we have equivalently Q blocks for the "virtual" ZP system whose block size is P + Q-1. The parameter Q is called the repetition index since each received block is repeatedly used Q times. The concept of repetition index first arose in [5] for generalization of blind channel estimation algorithms. Now we will use it to develop generalized blind block synchronization algorithms. Similarly, the algorithm proposed in Section III-A can be generalized by replacing yNd) with Y (Q defined in Eq. (6).
We designate it as Algorithm 2 and summarize it as follows. Channel 1 has zero locations at (1.2, -0.9, 0.7j, -0.7) and Channel 2 has zero locations at (0.8, -0.8, 0.5j, -0.5j), which is a minimum-phase system. Note that the special case of Algorithm 1 with Q = 1 is equivalent to the existing method proposed in [1] (SGB method).
A. Noise-free Case We first apply the algorithms in absence of noise. (Figure 3(a)-(c) ) presented in the original work of [1] contain some minor errors in the scales of SNR levels. After correction, curves in Figure  3 for Q = 2, 3 have a significant improvement and outperform the SGB method by a large margin for both channels.
As a final comment, the performance curves for each algorithm are highly dependent on the channel zero locations. To achieve the same performance, the SNR level for Channel 2 must be much higher than that for Channel 1 (a difference of around 10 dB!). A more thorough study of performances of other different channels will be undertaken in the future.
V. CONCLUSIONS
In this paper we proposed two generalized algorithms for blind block synchronization in zero-padding (ZP) systems with a parameter called repetition index (Q) which can be chosen as an arbitrary positive integer. In particular, a special case of Algorithm 1 with Q = 1 reduces to a previously reported method proposed in [1] . Simulation results over two different LTI channels show that Algorithm 2, with a choice of Q > 1, has a significantly better performance than the previously reported method.
In the future, performance evaluation of the proposed algorithms for time-varying channels will be important for a more realistic scenario. A theoretical analysis of the system performance is also of interest. Furthermore, it would be of great importance to develop counterparts of these algorithms in cyclic prefix (CP) systems since most currently popular standards (e.g., OFDM, SC-CP, etc.) use cyclic prefix (CP) rather than zero-padding (ZP) precoders. 
